ABSTRACT Background: Cognitive dietary restraint (CDR) may mediate subclinical ovulatory disturbances, which may result in loss of bone mineral density (BMD). CDR is associated with greater physical activity, which may modify the effect of CDR and ovulatory disturbances on bone mass. Objective: We aimed to investigate the relations among CDR, ovulatory disturbances, and physical activity and their effect on BMD in healthy premenopausal women over a 2-y period. Design: In this prospective cohort study, key explanatory factors, important covariates, and BMD were measured at baseline and at 12 and 24 mo; 225 women completed the baseline assessment, and 189 completed the study. CDR was measured with the Three-Factor Eating Questionnaire, and physical activity was measured with the Baecke scale. An average of 9.8 menstrual cycles in 2 y were monitored by using salivary progesterone measurements and urinary ovulation detection kits. Ovulatory disturbances included anovulatory cycles or short luteal phase lengths of 10 d. BMD at the lumbar spine, femoral neck, and total body was measured by using dualenergy X-ray absorptiometry. General linear mixed modeling was used to determine predictors of change in BMD over time. Results: CDR was not associated with ovulatory disturbances or changes in BMD. The average annual rate of change in lumbar spine BMD was decreased by 0.01 g/cm 2 in women who had experienced ͧ3 monitored cycles with ovulatory disturbances (P ҃ 0.02). Conclusions: CDR did not predict bone loss, and there was no relation between CDR and ovulatory disturbances. Ovulatory disturbances had a negative effect on the rate of change at the lumbar spine. The cause of these disturbances is unknown.
INTRODUCTION
Cognitive dietary restraint (CDR) is defined as the conscious attempt to limit and monitor food intake to achieve or maintain a desired weight. CDR is associated with eating behavior that is governed by cognitive processes rather than by physiologic mechanisms such as hunger and satiety (1) . This CDR behavior may lead to impairment of the psychophysiologic regulation of food intake (2) , which could result in alternating periods of restricted eating and overeating and in weight fluctuations (3) .
Other characteristics associated with CDR include heightened anxiety (4) and greater physical activity levels (5, 6) .
CDR may have important biological consequences in healthy premenopausal women, particularly with respect to menstrual function and bone health. Three previous studies reported that CDR is associated with ovulatory disturbances, including a greater proportion of anovulatory cycles and short luteal phase lengths (7) (8) (9) . These disturbances may have a negative effect on bone mass. Prior et al (10) found that anovulatory cycles and short luteal phase lengths were related to spinal bone loss over a 1-y period; 2 studies by others did not confirm these findings (11, 12) . Four studies directly investigated the relation between CDR and bone mineral density (BMD) in healthy premenopausal women, and they provide modest evidence for a negative association (8, (13) (14) (15) . One study found that total-body (TB) bone mineral content (BMC) but not BMD was lower in women with high restraint scores and body weight 71 kg (15) . A second study reported that the restraint score was a negative predictor of TB BMD and BMC in normal-weight university students (14) , and a third study found a negative correlation between femoral BMC and cognitive restraint in obese premenopausal women with a history of chronic dieting (13) . The fourth study did not find an association between restraint and bone density, but it was limited by a small sample size (8) .
Further investigation of the relation among CDR, ovulatory disturbances, and BMD in healthy young women is required. Four of the prior studies (7) (8) (9) 14) were conducted in normalweight or underweight women, who may represent a unique subgroup of successful restrained eaters who may experience more pronounced physiologic and metabolic effects. Evidence of a negative relation between subclinical ovulatory disturbances and BMD remains inconsistent. Moreover, the effect of physical activity, which is known to have a protective effect on BMD (16) , but which may be associated with both CDR (5, 6) and ovulatory disturbances (17, 18) , has been addressed in only one study (14) , which reported that the positive effect of exercise was moderated in women with high restraint. Finally, none of the studies concurrently evaluated the relations among CDR, ovulatory disturbances, physical activity, and BMD in one sample.
The purpose of the present study was to build on these prior findings by investigating these relations over a 2-y period in a large sample of healthy premenopausal women who represent a broad spectrum of body weights. Specifically, we addressed 4 questions. 1) Is CDR associated with subclinical ovulatory disturbances? 2) Does CDR or subclinical ovulatory disturbances (or both) predict loss of BMD? 3) Is the relation between CDR and changes in BMD moderated by ovulatory disturbances, physical activity, or body weight? 4) What are the key independent predictors of change in BMD over 2 y?
SUBJECTS AND METHODS

Subjects
Participants were healthy, white, premenopausal women aged 21-40 y who were recruited from the community. Between June 1999 and August 2001, participants were recruited from 2 groups: from an existing cohort that was described previously (19) and from women who responded to advertisements in local newspapers or to posted flyers seeking volunteers for a longitudinal study on determinants of peak bone mass. Of the 842 women who initially agreed to participate, 510 were ineligible, and 107 completed the baseline assessment but subsequently refused to monitor their menstrual cycles; thus, the baseline sample was 225 women. Twelve participants did not return for BMD testing at year 1, and an additional 24 did not complete year 2. A total of 189 participants completed the study (Figure 1) . Exclusion criteria for the study included prior diagnosis of osteoporosis or specific comorbid conditions known to be associated with bone loss (ie, Crohn disease, symptomatic hyperthyroidism, rheumatoid arthritis, hysterectomy or bilateral oophorectomy, or anorexia nervosa); medications known to affect bone metabolism (ie, oral contraceptives or other exogenous hormones in the previous 3 mo, systematic glucocorticoids, hydrochlorothiazide and bisphosphonates in the previous 6 mo, treatment for infertility or endometriosis, use at any time of anticonvulsants for ͧ3 mo, or daily use of inhaled corticosteroids); 8 menstrual cycles in the previous year; or pregnancy or active breastfeeding at the time of the study or within the previous 12 mo.
Written informed consent was obtained from all subjects. Ethical approval was obtained from the ethics review committees of • cycle monitoring too difficult: 7 n = 189 completed year 2 n = 213 completed year 1 FIGURE 1. Flow chart depicting recruitment of participants from a previous cohort and new community sample to obtain a sample of 225 participants who completed baseline assessment, 213 who completed the year 1 assessment, and 189 who completed the study.
the Sunnybrook and Women's College Health Sciences Centre and the University of Toronto.
Study design
This study was a 2-y prospective cohort study. Key explanatory factors, important covariates, and BMD were measured at baseline and at 12 and 24 mo. Menstrual function was measured over the 2-y study period.
Physical measurements
Height (cm) was measured with a stadiometer and weight (kg) was measured with a balance-beam scale. These measurements were used to calculate body mass index (BMI; in kg/m 2 ). Body composition (lean mass and fat mass) was measured by using dual-energy X-ray absorptiometry (Lunar DPX-L bone densitometer; Lunar Corporation, Madison, WI) (20) .
Questionnaires
Participants completed a detailed osteoporosis risk factor questionnaire to elicit information regarding lifestyle factors (ie, cigarette smoking and alcohol and caffeine consumption), family history of osteoporosis, calcium and vitamin D supplementation, medication use, and prior surgeries and illnesses. CDR was measured by using the restraint subscale of the Three-Factor Eating Questionnaire (TFEQ-R) (21) . The TFEQ-R is widely used to measure the construct of CDR (21) . Higher scores on this measure are predictive of reduced caloric intake, avoidance of dietary fat, consumption of greater amounts of artificial sweeteners and diet products, and an intense concern about one's physical appearance in the absence of typical features of a psychiatric illness or eating disorder (22) (23) (24) . The TFEQ-R consists of 21 items, each scored on a 2-point scale (0 or 1); a higher score is indicative of greater cognitive restraint. Participants also completed the State Trait Anxiety Inventory (STAI), a widely used measure of trait anxiety consisting of 20 items (25); a higher score indicates greater levels of general psychological stress. Physical activity level was determined by using the Baecke questionnaire, a valid and reliable self-administered questionnaire developed for the measurement of habitual physical activity in epidemiologic studies (26, 27) . The Baecke questionnaire consists of work, leisuretime, sports, and total activity indexes. Finally, an intervieweradministered food-frequency questionnaire was completed to measure daily dietary intake of calcium. Food models and standardized portion sizes were used to aid participant recall and accuracy.
Assessment of ovulatory disturbances and hormone analyses
Three consecutive menstrual cycles were evaluated twice during each of the 2 y of the study (total of 12 cycles) with the use of salivary progesterone measurements and urinary ovulation detection kits. Each block of 3 menstrual cycles was monitored during a different season so that all 4 seasons were included in the 2-y study. Salivary progesterone measurement is an established method by which to study luteal function in epidemiologic studies (28, 29) . For each of the monitored cycles, participants collected saliva samples each morning before breakfast or tooth brushing. Samples were stored at Ҁ20°C until they were analyzed. Salivary samples underwent radioimmunoassay (Diagnostic Systems Laboratories, Webster, TX) for progesterone with the use of a modified version of the method of Walker et al (30) , described previously (31) , in the laboratory of M Steiner (Women's Health Concerns Clinic, St Joseph's Healthcare, (Hamilton, Canada). The interassay and intraassay CVs were 15.7% and 13.9%, respectively.
Luteal phase samples were pooled to derive time-integrated mean luteal and mean midluteal progesterone values for each cycle. Specifically, mean luteal progesterone values were determined by pooling aliquots from the day when a urinary luteinizing hormone (LH) surge was detected until the day before the next menstrual cycle commenced. The days used to determine mean midluteal progesterone values were dependent on the day of the LH surge. For example, in a cycle in which the LH surge was detected 14 d before the start of the next menstrual cycle, mean midluteal progesterone was determined by pooling 5 samples from the span of time 9 -5 d before commencement of the next cycle. To detect an LH surge, participants were provided with urinary ovulation detection kits (ClearPlan Easy; Unipath Ltd, Bedford, United Kingdom). These kits provide a valid and reliable method of identifying the LH surge that indicates the onset of ovulation, and thus they allow determination of the luteal phase length (32) . ClearPlan Easy has been found to have an 82-88% positive predictive value for ovulation within 1 d (33). Participants followed the instructions provided with the kit, including testing at the same time of the day and not urinating for 4 h before testing.
On the basis of information on menstrual cycle patterns that was provided during the baseline visit, participants were asked to begin urinary testing 14 d before the anticipated end of the cycle and to continue testing for 5 consecutive days or until the test became positive. A positive test indicated that the LH surge had occurred. The duration of the luteal phase was calculated from the day after the LH surge until the day before the onset of menstrual flow. The follicular phase was the the period from first day of menstrual flow to the day before the onset of the luteal phase. The criterion for a short luteal phase length based on urinary LH peak data was 10 d (17, 34 -36) . When no urinary LH surge was detected, salivary progesterone concentrations were assayed consecutively from samples collected beginning 14 d before day 1 of the following cycle. If there was no rise in salivary progesterone to ͧ2 SDs above the mean progesterone concentrations of the previous days after 7 d of testing, and if these concentrations did not remain elevated for ͧ2 d, the cycle was considered to be anovulatory (31, (37) (38) (39) (40) . Participants kept a menstrual calendar for the duration of the study, in which they recorded testing days, the day on which the test became positive, and the onset of each menstrual period.
To measure serum concentrations of estradiol and free testosterone, we obtained serum samples once between 0800 and 1000 on days 3-5 of 1 of the 12 monitored cycles, chosen at random. All samples were frozen at Ҁ70°C and analyzed by using commercial radioimmunoassays in the Endocrinology and Metabolism Laboratory at the University of Toronto (Toronto, Canada).
Measurement of bone density
Lumbar spine (L1-L4) (LSP), hip (femoral neck) (FN), and TB BMD measurements were obtained with the use of dualenergy X-ray absorptiometry. Measurements were performed by a single, certified densitometry technician. The CVs, determined by test-retest with repositioning, were 1.18% at LSP, 1.56% at FN, and 0.72% at TB.
DIETARY RESTRAINT AND BONE MASS IN YOUNG WOMEN
Statistical analysis
All analyses were performed by using SAS statistical software (version 9.1; SAS Institute Inc, Cary, NC). The level of significance was established at P ͨ 0.05 (2-tailed). BMD at the LSP was considered the primary outcome, because it consists primarily of trabecular bone. It was anticipated that the variables being investigated would have the most demonstrable effect on this site. To ensure completeness and to enable comparisons with other studies, BMD at the FN and TB was also included in the analysis as secondary outcomes.
All variables were assessed for normality. Paired t tests were used to evaluate changes in mean BMD values and in predictor variables between year 2 and baseline. Because there was minimal change in predictor variables over the 2-y study, evaluation of potential associations between and among variables was conducted on baseline values. Participants were categorized into 2 groups according to whether they had experienced 3 or ͧ3 monitored menstrual cycles with subclinical ovulatory disturbances (anovulatory cycles or short luteal phases). Participants were also categorized into tertiles of CDR on the basis of their baseline TFEQ-R scores. Comparisons of physical and lifestyle characteristics and hormone values between ovulatory disturbance groups and CDR groups were done by using unpaired t tests or Wilcoxon rank-sum tests as appropriate for continuous variables and chi-square tests for categorical variables. The lowest and middle tertiles of CDR were compared with the highest tertile.
A general linear mixed method was used to model the effects of predictor variables on interindividual and intraindividual changes in BMD. The mixed model extends the general linear model by the addition of random effects, which allows each subject's initial BMD status (intercept) and rate of change (slope) to vary from the population average. This method also enables the estimation of individual-specific and population-specific fixed effects through the inclusion of time-varying and timeinvariant variables, respectively (41) (42) (43) ). An unstructured covariance structure was specified, and maximum likelihood estimation method was used for parameter estimation (42) . Random effects for both intercept and slope were included. The change variable was named "time" and was centered at time 0 to facilitate interpretation of the intercept (42) . SAS PROC MIXED was used for this analysis.
Our initial models evaluated the effects of CDR and subclinical ovulatory disturbances on changes in BMD after control for BMI and physical activity (total Baecke score). Interactions between CDR and ovulatory disturbances, between CDR and BMI, and between CDR and physical activity were evaluated to determine whether the effect of CDR on BMD was moderated by these variables. Extended models to determine all key predictors of change in BMD were then generated. Time-varying predictors that were included in the complex model were BMI, percentage lean mass, CDR (TFEQ-R score), calcium intake (does not meet recommended daily amount or meets recommended daily amount), and smoking status (nonsmoker or current smoker); time-invariant predictors included were subclinical ovulatory disturbances (3 or ͧ3 cycles with disturbances), hormone values (ie, estradiol, testosterone, and mean luteal progesterone), age at menarche, Baecke total score, physically active as an adolescent (no or yes), alcohol consumption (no. of drinks/mo), age, and family history of osteoporosis (3 or ͧ3 relatives).
Variables were removed one-by-one if P ͨ 0.05, starting with the variable with the highest P value, to produce the final model (backward stepwise selection).
RESULTS
Two hundred twenty-five women consented to the study and completed baseline assessments and ͧ1 monitored cycle. Two hundred thirteen women completed year 1 assessments, and 189 women completed the 2-y study (16% were lost to follow-up). Of those who did not complete the study, 25 became ineligible because of pregnancy or commencing use of oral contraceptives, 7 found menstrual cycle monitoring too difficult, 3 moved, and 1 refused a third BMD test because of radiation concerns. Baseline demographic characteristics of the sample are summarized in Table 1 . Physical and lifestyle characteristics and BMD values at each of the 3 time points are summarized in Table 2 . There was a small but significant (P 0.0001) increase of 1.4% in mean BMD at LSP over the 2 y in the 189 participants who completed the study. There were nonsignificant increases of 0.5% at the FN (P ҃ 0.09) and 0.09% at the TB (P ҃ 0.45). Of the predictor variables, only calcium intake changed significantly, increasing by 12.7% (P ҃ 0.001).
Subclinical ovulatory disturbances
A total of 2213 menstrual cycles were monitored over the 2-y study period. Sixty percent of participants monitored 12 cycles, and 14% monitored 6 cycles (average: 9.8 Ȁ 3.4 cycles/participant). Blood samples were obtained from 205 women.
The mean menstrual cycle length was 28.9 Ȁ 3.9 d (range: 23.6 -55.2 d). Eight women had long mean cycle lengths (36 d), and none had short mean cycle lengths (21 d). The menstrual characteristics, hormone values, and subclinical ovulatory disturbances experienced by these women are summarized in Table 3 . One hundred forty-one cycles (6.4%) showed ovulatory disturbances, as indicated by short luteal phase lengths (72 cycles) or anovulation (69 cycles). Forty-one women had ͧ1 short luteal phase (10 d), and 45 women had ͧ1 anovulatory cycle. In total, 75 women (33.3%) experienced ͧ1 subclinical ovulatory disturbance, and 16 women experienced ͧ3 cycles with disturbances. Eight women experienced ovulatory disturbances in 40% of their monitored cycles. Baseline characteristics of women who experienced ovulatory disturbances over the 2-y study are shown in Table 4 . There were no significant differences in physical and lifestyle characteristics or hormone values between women with 3 cycles with ovulatory disturbances and women with ͧ3 such cycles. Having a greater percentage of cycles with ovulatory disturbances was associated with significantly lower mean luteal and mean midluteal progesterone (P ҃ 0.0009 and P 0.001, respectively) but not with significantly lower estradiol (P ҃ 0.77) or testosterone (P ҃ 0.11).
Cognitive dietary restraint and subclinical ovulatory disturbances
TFEQ-R scores ranged from 0 to 18 out of a possible score of 21 with a weighted mean over the 2 y of 7.5 Ȁ 4.0. Analysis of baseline scores showed that TFEQ-R scores were correlated with BMI (r ҃ 0.264, P 0.0001), percentage lean mass (r ҃ Ҁ0.167, P ҃ 0.01), Baecke physical activity score (r ҃ 0.163, P ҃ 0.01), Baecke sport index score (r ҃ 0.22, P ҃ 0.0005), and STAI score (r ҃ 0.193, P ҃ 0.007). The physical characteristics, menstrual characteristics, and hormone values for women in each tertile of CDR at baseline are shown in Table 5 . Women who were in the highest tertile had significantly higher BMIs (P ҃ 0.0002), lower percentage lean mass (P ҃ 0.008), and higher Baecke sport index scores (P ҃ 0.006) but not significantly higher total Baecke scores (P ҃ 0.08) than did those who were in the lowest tertile. Women in the highest tertile also had significantly (P ҃ 0.03) higher BMIs than did those in the middle tertile. The mean menstrual cycle length and mean luteal phase length did not differ significantly, and the percentage of women with ͧ3 cycles with ovulatory disturbances did not differ significantly across the restraint groups. There were no significant differences in estradiol, testosterone, or mean luteal progesterone values between the lowest, middle, and highest tertiles.
Cognitive dietary restraint, subclinical ovulatory disturbances, and 2-y change in BMD
The results of the mixed-model analysis to evaluate the effect of CDR and subclinical ovulatory disturbances on changes in BMD, after adjustment for BMI and Baecke activity scores, are shown in Table 6 . CDR had no effect on the average initial values or change in BMD at the LSP. Women who had ͧ3 cycles with ovulatory disturbances had an average annual rate of change in LSP BMD (Ҁ0.01g/cm 2 ) significantly (P ҃ 0.03) different from that in women with 3 such cycles. There was no difference between these 2 groups in initial BMD values. There were no significant interactions between CDR and ovulatory disturbances, BMIs, or Baecke score at the LSP. Neither CDR nor ovulatory disturbances had significant effects at the FN or TB, and there were no significant interactions between CDR and the other 3 variables.
Expanded predictive models of 2-y change in bone mineral density
Final mixed models are summarized in Table 7 . The results for the LSP show that BMI was positively associated with BMD and a family history of osteoporosis and not being physically active as an adolescent had a negative affect on average initial BMD values, whereas each additional alcoholic drink/mo had a positive effect on initial BMD values. Having ͧ3 cycles with ovulatory disturbances had a negative effect on rate of change. The model indicates that average initial LSP values (when BMI is zero) in women who had no family history of osteoporosis, who were physically active as an adolescent, and who consumed no alcohol was 1.0780 g/cm 2 . Women with a family history of osteoporosis had a difference of Ҁ0.0784 g/cm 2 in average initial BMD (P ҃ 0.01), women who did not exercise as an adolescent had a difference of Ҁ0.0569 g/cm 2 in average initial BMD (P ҃ 0.01), and each additional alcoholic drink/mo was associated with an increase of 0.0016 g/cm 2 in average initial BMD (P ҃ 0.02) Each 1-point increase in BMI at each time point was associated with a BMD increase of 0.0052 g/cm 2 (P 0.0001). These variables did not affect the average annual rate of change, which was 0.0096 g/cm 2 (P 0.0001), after control for BMI. This rate of change was decreased by 0.0109 g/cm 2 in women with ͧ3 cycles with ovulatory disturbances, so that they experienced an annual loss of 0.0013 g/cm 2 (P ҃ 0.02) (Figure 2 ). Having ovulatory disturbances did not affect initial BMD values.
The FN model indicates that there was no significant annual change in BMD (P ҃ 0.08). BMI was positively associated with BMD, having a family history of osteoporosis had a negative effect on initial values and each 1-point increase in the Baecke total score had a positive effect on initial values. The model indicates that initial FN BMD (when BMI is zero) was 0.7972 g/cm 2 for women who did not have a family history of osteoporosis and who were not physically active (Baecke score of zero). Women with a family history of osteoporosis had a difference of Ҁ0.0732 g/cm 2 in average initial BMD (P ҃ 0.02), and every 1-point increase in the Baecke total score was associated with an increase of 0.0157 g/cm 2 in average initial BMD (P ҃ 0.02). Each 1-point increase in BMI at each time point was associated with a BMD increase of 0.0035 g/cm 2 (P ҃ 0.0005). The TB model indicates that there was no significant annual change in BMD (P ҃ 0.77). BMI and percentage lean mass were positively associated with BMD, and not being physically active as an adolescent had a negative effect on initial values. The model indicates that average initial TB BMD (when BMI and percentage lean mass are zero) was 1.0212 g/cm 2 in women who were physically active as adolescents. Women who did not exercise as adolescents had a difference of Ҁ0.0319 g/cm 2 in average initial BMI (P ҃ 0.008). Each 1-point increase in BMI at each time point was associated with a BMD increase of 0.0048 g/cm 2 (P 0.0001), and each 1% increase in lean mass at each time point was associated with a BMD increase of 0.00074 g/cm 2 (P ҃ 0.02).
DISCUSSION
The primary purpose of this study was to evaluate the relations among CDR, subclinical ovulatory disturbances, and physical activity and their effect on change in BMD over a 2-y period in healthy, premenopausal women. In this large community cohort of young women, we did not confirm prior reports of either a negative relation between CDR and BMD or an association of CDR with subclinical ovulatory disturbances. Although unrelated to CDR or physical activity, having subclinical ovulatory disturbances negatively affected the rate of change in LSP BMD over 2 y, and it resulted in slight bone loss, whereas women with 3 cycles with disturbances had a slight increase in bone density ( Figure 2 ). The inconsistency of our findings with those of previous studies examining the effects of CDR on ovulatory function and BMD may be the result of important differences in the populations studied-namely, the range in BMI values and the mean age of the participants in our cohort-and of our method of determining ovulatory disturbances. First, in contrast to prior studies that evaluated CDR in normal-weight persons (BMI 18 -25) (7-9, 14), our sample was composed of women with a broad range of BMI values (16.2-39.3), and it included obese, normalweight, and low-weight persons. In our study, higher CDR scores were associated with higher BMI, lower mean percentage lean mass, and higher Baecke sport scores, which suggests that these scores were indicative of overweight women who were attempting to diet and exercise to lose weight. We hypothesized that normal-weight or underweight persons who have high CDR scores may be a unique subgroup who are "successful" dieters and are consistently restricting caloric intake. This caloric restriction, if severe enough, may be contributing to the previously documented ovulatory disturbances. Our participants may represent "typical" restrained eaters who are "unsuccessful" dieters (3, 44) . Our results suggest that, in this population, CDR does not induce alterations in the reproductive axis. We examined the interaction between CDR and BMI to determine whether the effect of CDR on BMD was different in women with lower weight, but we did not confirm this hypothesis. Further investigation is required to clarify the relation found in prior studies between CDR and ovulatory function in normal-weight and underweight women.
A second important difference between the population of the present study and the populations of previous studies was the age of our participants: the subjects in the present study had a greater mean age than did subjects in prior studies that found significant associations between CDR and BMD (14) or between CDR and ovulatory disturbances (7, 8) . Our sample represents women who have reached gynecologic maturity, but who are not yet in the perimenopausal period. Gynecologic maturity has been found to be associated with reduced variability in cycle length (45, 46) . In addition, durability of the reproductive axis in response to a moderate endurance training program was shown in a group of gynecologically mature, eumenorrheic women (gynecologic age: 17.8 Ȁ 0.9 y) (47) . This would suggest that the women in our study may have more robust reproductive systems and therefore may be less likely to experience ovulatory disturbances in response to minor physiologic stressors, such as CDR or moderate exercise, than would women in the earlier studies who were of a younger age. Our method of determining ovulatory function differed from that used in prior studies documenting a relation between ovulatory disturbances and CDR (7, 8) and ovulatory disturbances and BMD (10) , and that difference may have contributed to our different results. Those other studies used the basal body temperature method, which has been shown to be an unreliable method of determining ovulation and which may have led to misclassification (48 -50) . Indeed, those investigators reported a much higher prevalence of ovulatory disturbances (67-80% of participants had disturbances) (7, 10) than we and others (12, 51) who used progesterone measurements have reported. Both salivary and urinary progesterone are highly correlated with serum progesterone, and measuring them is a reliable method of assessing ovarian function (28, 30, 52) . We also used urinary ovulation detection kits as our primary method of determining ovulation; these kits have been shown to have very good psychometric properties (33) .
Despite the different method of ovulatory assessment, and although we did not find a relation between CDR and ovulatory disturbances, we confirmed the results of Prior et al (10, 53) that ovulatory disturbances are predictive of spinal bone loss. No significant change in BMD at FN or TB was observed over the 2-y study, and that lack of such an observation was likely due to slower bone turnover rates at these sites. Ovulatory disturbances also may have a negative effect on these sites if observed over a longer period. Debate continues over the underlying cause of reduced bone mass due to ovulatory disturbances. Prior et al (10) proposed that the observed bone loss was due to reduced luteal progesterone production in the presence of normal concentrations of estrogen, but this possibility has not been supported by other investigators. Sowers et al (51) found lower concentrations of both luteal phase estrogen and progesterone urinary metabolites in women with BMD in the bottom 10th percentile than in women with BMD in the 50 -75th percentile. DeSouza et al (11) observed lower luteal phase progesterone in women with short luteal phases (but found no difference in BMD) than in women with normal luteal phases. DeSouza et al concluded that, if estradiol status is maintained, BMD is not affected by a disturbance of progesterone production associated with luteal phase abnormalities. In the present study, although decreased luteal progesterone was associated with ovulatory disturbances, we found no relation between progesterone and bone loss.
The extended models of all key predictors of BMD indicated that BMI was positively associated with BMD at each skeletal site. The strong association between body weight and bone density has been documented in many prior studies of premenopausal women (54) . Physical activity also was consistently predictive of higher BMD. Because activity scores remained constant throughout the study, the relation between activity and change in BMD could not be evaluated to determine the extent of the benefit of activity or the amount of activity required to increase BMD in premenopausal women. Although current activity was the best predictor at the FN, being physically active as an adolescent had a stronger effect at the LSP and TB. This finding provides support for the findings of others of the existence of a critical window of opportunity during puberty, when the skeleton is particularly responsive to mechanical loading that results in the optimization of peak bone mass (55) . Additional significant predictors included a family history of osteoporosis (negative effect) and the subject's alcohol consumption (positive effect), which were previously reported (19, 56 -58) . Finally, lean mass was found to have a positive effect on BMD at TB after control for BMI and physical activity. Although questions remain about the relative benefit of lean mass and fat mass for bone density, recent studies have shown that lean mass has a greater effect than fat 1 Interactions between CDR and each of BMI, ovulatory disturbances, and Baecke score were analyzed; all were not statistically significant (P ͧ 0.05); only main effects are included in this table for simplicity. CDR was categorized by tertile on the basis of scores on the Three Factor Eating Questionnaire-Restraint subscale. Subclinical ovulatory disturbances were defined as having ͧ 3 cycles with anovulation or short luteal phase lengths ( 10 d). Time was set at 0, 1, and 2, which represented baseline and 12-and 24-mo BMD assessments, respectively. mass in younger women (59 -61) . This finding suggests that the dynamic load generated by muscle contraction stimulates a greater osteogenic response than that generated by the static load associated with body weight (62) . This relation may not hold true in postmenopausal women (59, 63) , and further research is needed to clarify the relative effects of the components of body composition across different age groups.
The strengths of the present study include its large sample size; the prospective design; the large number of menstrual cycles monitored over a 2-y period; the inclusion of women across a broad spectrum of body weight, BMD, and CDR values; and the measurement of important covariates. The limitations of the study include the single measurement of estradiol and testosterone and the nondiverse demographic characteristics of our volunteer sample (ie, well-educated white women), which may hinder generalizability of the results.
In summary, in a large sample of healthy premenopausal women, CDR was not associated with ovulatory disturbances or with bone loss over a 2-y period. Subclinical ovulatory disturbances, which were not uncommon, had a negative effect on the rate of change in BMD at the LSP. The underlying cause of these ovulatory disturbances in otherwise healthy young women warrants further investigation so that this risk factor may potentially be modified.
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